N-tropic Friend leukaemia virus (FLV) was serially passaged in a B-type C57BL/6 mouse cell line, YH-7. After a single passage, the infectious efficiency of FLV in the restrictive YH-7 cells was significantly increased. This adapted character of FLV could be reversed by a single passage in permissive N-type MLg cells. The true host range conversion from N to NB was accomplished after eleven to twelve passages in YH-7 cells. In contrast, the host range conversion of N-tropic murine sarcoma pseudotype, MuSV(FLV), took place after two passages.
INTRODUCTION
Murine leukaemia viruses (MuLV) are largely divided into three groups, N, B and NBtropic viruses, depending upon whether they grow preferentially in N, B, or both N and B type mouse cells, respectively (Hartley, Rowe & Huebner, I97O; Pincus, Hartley & Rowe, ~97I) . Continued passage of N-or B-tropic virus in its restrictive host results in a conversion to wider host range, i.e. NB-tropic virus (Hartley et al. I97O ). This report deals with this type of host range conversion of N-tropic viruses, i.e. Friend leukaemia virus (FLV) and a murine sarcoma virus (MuSV) pseudotype obtained by infecting the S + L-cells (Bassin, Tuttle & Fischinger, I97O) with the FLV.
METHODS
Cells'. The origins of the XC, S+L-CI82, B-type C57BL/6 mouse YH-7, N-type MLg cell lines have already been described (Yoshikura & Hirokawa, 1974) . The culture medium consisted of 9 parts autoclavable modified Eagle's MEM (Nissui Co.) and I part newborn calf serum inactivated by heating at 56 °C for 3o rain.
Viruses. The N-tropic FLV strain and NB-tropic FLV strain (which was obtained after 18 passages of the N-tropic FLV in B-type BALB/c Crgl mice) were obtained from Dr T. Odaka of the Institute of Medical Science, Tokyo, in a form of spleen homogenates. The B-tropic WNr8o2B virus strain was obtained from Dr W. P. Rowe, Institute of Allergy and Infectious Diseases, National Institutes of Health, U.S.A.
Methods of virus infection, titration by UV-XC procedures (Rowe, Pugh & Hartley, 197o) and the plaque titration in the S + L-cells (Bassin, Tuttle & Fischinger, I97 I) were the same as described before (Yoshikura, I973 a) .
The virus and cell strains are listed in Table I 
Susceptibility of the S + L-CI82 cells to N-and B-tropic viruses
According to Krontiris, Soeiro & Fields 0973), an S+L-cell line, D-56, is equally susceptible to N-and B-tropic FLV's, although its parental cell line 3T3FLwas of the B-type (Bassin, cited in Krontiris et al. r973 ). According to Todaro & Huebner 0972), the cells from random-bred Swiss mice are B-type cells; the 3T3FL was derived from such mice. On the other hand, the author has suggested that an S+L-cell line CI82, which is used in this report, was of the N-type (Yoshikura, I973a) . In view of this contradictory situation, it seemed appropriate to substantiate the previous observations.
The N-tropic FLV and B-tropic WNtSo2B were titrated in the N-type MLg, B-type YH-7 and in the S+ L-CI82 cells ( Fig. I, 2 ). It can be seen that the susceptibility to FLV of MLg cells and that of CI82 were equally high, while that of YH-7 was low. On the other hand, to B-tropic WNISo2B, CI82 cells were much less sensitive than B-type YH-7 cells. The titrations of FLV in YH-7 and of WNrSo2B in CI82 tended to be multiple hit at high dilutions, although it was variable depending upon the virus preparation (compare Fig.  2a and b). The susceptibility to B-tropic virus of CI82 cells was much higher than that of the N-type MLg cells: even the undiluted WNISo2B produced no or very few, if any, plaques in MLg cells, while in Cr82 cells the titre of WNISo2B was around IO 3 p.f.u./o'5 ml at low virus dilutions. In view of this finding, the CI82 cells have not been classified as N-type in Table I although it appears that they are more like N-type than B-type.
Adaptation of N-tropic FLV in B-type YH-7 cells
YH-7 cells were infected with N-tropic FLV 0"5 x to 5 p.f.u./culture) and the infected cells were subcultured twice at 3 day intervals. The undiluted culture fluid of such cultures was then used to infect further normal YH-7 cells. This procedure was repeated, and the culture fluid of each passage was assayed in YH-7 and CI82 cells. The data are shown in Fig. 3 -After a single passage, the infectious efficiency in the non-permissive YH-7 cells was increased. At the same time, the titration pattern in YH-7 cells tended to be single hit, especially at low dilutions. After further passages up to tenth passage, however, this increase of the infectious efficiency in YH-7 cells did not go further. The true conversion from N to NB-tropism took place from eleven to twelve passages. , XC plaque titration in MLg cells; ..... , titration in C 182 cells by counting rescue foci. With FLV, this is of the same sensitivity as XC plaque titration (Yoshikura & Hirokawa, 1974) . The range of the computed virus titre is shown. Two or three dishes were used for each dilution. Each curve is composed of two independent titrations of the same sample.
Reversibility of the YH-7 adapted character of FL V
The sixth passage of FLV in YH-7 cells showing quasi-one hit dose response in YH-7 cells was propagated back into the N-type MLg cells. After two passages, the culture fluid of the infected MLg cells was titrated in CI82 and YH-7 cells. As shown in Fig. 4(a) , the titration pattern of this preparation was identical to the original FLV, or FLV directly propagated in MLg cells, i.e. about Ioo-fold higher infectious efficiency in C~82 than in YH-7 cells, and two hit dose response in YH-7 ceils. The adaptation of FLV in YH-7 cells before the host range conversion was thus reversible.
No reversion to N-tropism was observed, however, with the NB-tropic converted twelfth passage of FLV in YH-7 cells (Fig. 4b ).
Reconstitution experiment
As a control for the preceding experiments, the following experiment was carried out. The NB-tropic Rauscher leukaemia virus (RLV) was serially diluted in the medium or in FLV, and was used to infect the B-type YH-7 cells. The titres of RLV and FLV were both Io 4 p.f.u./o'5 ml. After two successive subcultures, the culture fluid of 24 h contact with the infected cells was harvested. The culture fluid was assayed in N-type ICFW, in B-type BALB/c and FffICFW × BALB/c) mouse embryo secondary cultures. As shown in Table  2 , so long as RLV existed in the mixture, even at the highest dilution of RLV (i.e. Io-~), the virus in the harvest was predominantly NB-tropic, even if the N-tropic FLV existed in a .... , XC plaque titration in C182 cells. With WNI8ozB, the rescue foci were not clear (Yoshikura, I973a) . The sensitivity of MLg was so low that even the undiluted preparation produced no plaques, or very few. The range of the computed virus titre is shown. Two to three dishes were used for each dilution. Each curve is composed of two independent titrations of the same sample. Fig. a and b show the titrations of two different virus preparations.
large excess. That is, if one virus particle (possibly more, but not more than ]o) existed in Io ~ N-tropic virus particles, the NB-tropic virus became dominant in a single passage in YH-7 cells. On the other hand, one passage in YH-7 cells of the N-tropic FLV alone did not result in the host range conversion from N to NB (at io -5 and ~o -G dilutions of RLV in FLV in 
Host range conversion of MuSV(FL V)
The N to NB conversion of FLV described above is much slower than that of MuSV(FLV), as the latter took place after two to three passages in YH-7 ceils (Yoshikura, I973b) . In view of this, the tropism of MuLV existing in the NB-converted MuSV(FLV) was tested. The NB-converted MuSV(FLV) obtained in the previous experiments (Yoshikura, I973 b) was diluted 3oo-, 9oo-and 27oo-fold, and was used to infect YH-7 cells. The infected YH-7 cultures were subcultured twice; the six cultures obtained did not develop transformed foci but were positive for MuLV by the UV-XC procedures. Their culture fluids were titrated in YH-7 and CI82 cells and the MuLV in the NB-converted MuSV(FLV) was found to be IP: 54.70.40.11
On: Sat, 22 Dec 2018 08:45:12 converted to NB-tropic also (Fig. 5 ). In the same figure, the plaque titration of NB-tropic FLV (converted after in vivo passages; see Methods) and focus titration of the converted NB-tropic MuSV(FLV) are shown for reference. The rapid N to NB conversion of MuSV(FLV) was confirmed with a cloned virus stock. The virus was cloned from C182 cells infected with a low dilution of FLV. The rescue loci (equivalent to the cytopathic plaques of Bassinet al. 1971 ) were picked under the agar layer in the manner reported previously (Yoshikura & Hirokawa, 1974) , and dispersed on to the uninfected CI82 cells. After two subcultures when the cultures became confluently transformed, the culture medium was harvested. Such cloned virus was serially passaged in B-type YH-7 cells in the same manner as in the case of FLY (vide supra).
The culture fluid of each passage was assayed in YH-7 and MLg cells and the host range conversion from N to NB was accomplished only after two passages (Fig. 6 ). The converted virus remained NB-tropic even after propagation back into the N-type MLg ceils (Fig. 6d) . it seems therefore that N-tropic FLV was readily converted to NB-tropic virus in the presence of MuSV genomes, but in the absence of MuSV, the conversion required many more passages.
The process of the host range conversion from N to NB tropism was compared between FLV and MuSV(FLV) after successive passages in non-permissive B-type cells. The conversion was established much more rapidly in MuSV(FLV) than in FLV.
As the FLV was not cloned, there remained a possibility that the conversion of FLV was due to the selection of NB-tropic virus contaminating the original FLV stock. However, the efficiency of infection in the permissive cells is about Io 2 to ~o 4 higher than in the nonpermissive cells (Pincus et al. I971 ; Lilly & Pincus, ~973) . Therefore, if the sample contained one infectious NB-tropic virus particle in the original FLV which had a titre of about Io 5 p.f.u./inoculum, the NB-tropic virus should have been selected over N-tropic virus particles within two cycles of replication and the reconstitution experiment confirmed this point. As the host range conversion required more than ~o passages, the conversion did not seem to be due to the selection of NB-tropic virus pre-existent in the inoculum.
The reason why the host range conversion of MuSV(FLV) took place much faster than that of FLV alone is not clear. As the CI82 cells from which the MuSV pseudotype was rescued were transformed by NB-tropic Moloney strain of MuSV (Bassin et al. 197o) , it is possible that the NB-tropic marker gene was present in the CI82 cells and consequently in the rescued MuSV. The author's previous experiments suggested that rescued MuSV virus particles infect equally well both N-and B-type cells, irrespective of the MuLV used for the rescue, further replication depending upon the co-existing MuLV (Yoshikura, ~973 b) . Furthermore, the author suggested that u.v.-damaged replicating function of MuLV was partially restored by the MuSV genome (Yoshikura, ~973c) . Thus, a possible NB-tropic marker in the MuSV genome and MuLV genome may have undergone recombination in the case of MuSV(FLV), resulting in the accelerated host range conversion.
Preceding the N to NB conversion of FLV, the propagation of the virus in the nonpermissive B-type YH-7 cells resulted in an enhanced infectious efficiency in these cells, and there appeared a one hit dose response especially in the lower dilutions. This character was reversed by a passage in the N-type MLg cells. Steeves & Eckner (I97o) reported similar reversible host-induced changes in infectivity of FLV in vivo. The propagation of FLV maintained in Ha/ICR Swiss (N-tropic virus) in B-type BALB/c mice resulted in an adaptation of the virus in the BALB/c mice, i.e. in BALB/c, the spleen focus forming unit was increased and the multiple hit dose response (as revealed by the spleen focus count) changed to a single hit. The adapted characters, especially the latter, were reversed by passage of the virus back into the Ha/ICR Swiss mice.
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